moose (Alces alces), at Isle Royale National Park have been under investigation since 1958. Various aspects of the predator-prey relationships in this insular community are described in Mech (1966 Mech ( , 1970 , Shelton (1966) , Jordan et al. (1967) and Jordan et al. (1971) . These studies demonstrate a marked selectivity for juvenile and old animals. Elsewhere in North America, investigations of wolf pr?dation on other ungulates indicate similar patterns: Murie (1944) for Dall sheep (Ovis dalli)', Pimlott et al. (1969) and Mech and Frenzel (1971) for white-tailed deer (Odocoileus virginianus) ; Banfield (1954) for caribou (Rangifer tarandus) ; Tener (1954) for muskoxen (Ovibos moschatus) ; and Fuller (1966) 
for bison (Bison bison).
Other authors (Pimlott, 1967; Krantz, 1970, and Schaller, 1972) have emphasized the importance of the age distribution of prey taken to the predator's effect on the prey population.
The purpose of this article is. to define age specific mortality patterns in the Isle Royale moose population and assess the role of wolf pr?dation as a mortality factor.
Study Area and Methods
Vegetation and faunal history of the 544-km2 island study area in northern Lake Superior have been described by Linn (1957) and Mech (1966) . Moose became established on Isle Royale in the decade after 1900 (Hickie, undated) . Prior to the advent of the timber wolf about 1948 (Hakala, 1954) , the population underwent severe fluctuations (Krefting, 1951 (Krefting, , 1974 . The present population of at least 1200 animals sustains no exploitation other than wolf pr?dation. Deaths 267 from other factors such as drowning, accidents, parasitism an occur, but the bulk of known moose mortality is from pr?da From 1958 to 1970, remains of over 500 moose, dying o natural causes, were examined by various members of D. Purdue University study group. Sufficient tooth materi lected for age determination of 439 of the animals. Appr half the remains were located by ground searches for spec known to have been killed by wolves, as documented by m (February and March) aerial observations of wolf acti remaining carcasses were encountered randomly in the course searches or incidental to other ground-based fieldwork ( group counts and herd composition surveys) in progress fr October. Relative ages of the moose collected were ascertained by dentitional-succession criteria, as described by Passmore et al. (1955) .
Yearlings and adults were also aged by cementum annulation counts of sectioned molar teeth (Wolfe, 1969) . In remains where date of death could not be established, it was estimated by the degree of weathering of skeletal materials. These estimates are crude since bone decomposition rates differ considerably under differing microclimatic conditions. Differential sex and age composition of the various components of the total sample were analyzed by tests of goodness of fit and independence. Chi-square was employed for testing possible significance of disparate sex ratios (one-way classification). For tests of independence involving multiway classifications, the G-test was used as described by Sokal and Rohlf (1969) and based on information theory developed by Kullback (1959) . Limited sample sizes necessitated pooling of specimens from several age classes. Adults were pooled as:
"young" (ages 2-6 years); "middle-aged" (7-11 years); and "old" (12-17 years) .
Data on sex ratios and productivity were obtained from herd composition counts, made primarily by ground surveys, often supplemented by aerial surveys.
Results and Discussion

Cause of Death
The composite sample.?Age and sex distribution and cause of death of 439 moose, dying from approximately 1950 to 1969, are presented in Table 1 . Calves comprised 29.3% of the composite sample, but are underrepresented due to the greater perishability of their skeletal materials (Murie, 1944; Pimlott et al., 1969) . The incidence of yearlings (4.3%) may also be conservatively biased, although to a lesser degree, for the same reason. Almost complete utilization of most calf kills by wolves precluded sex determination in approximately 75% of these specimens. Thus, the greater losses among female calves implied by these data are suspect. Two (0.5%) 17-year-old females were the oldest moose in the Known wolf-kills.?Calves and yearlings comprised 29 3.5%, respectively, of the wolf-killed specimens. The ageselectivity of this pr?dation is demonstrated by the fact "young" adult age classes (as defined above) constituted onl these remains, whereas "middle-aged" and "old" moose acco 32.8% and 29.3%, respectively. Mean ages of adult males an were 9.9 (sd = 3.6) and 11.1 (sd = 2.8) years, respectively difference was statistically significant (G = 6.86; ? <J 0.05)
The wolves killed significantly more females than male 5.29). However, herd composition figures obtained from s ground observations indicated no statistically significant predo of either sex in the living population. The mean sex ratio, d
from observations of 763 yearlings and adults in five summers [1959] [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] was 100 males:. 106 females. Sex ratios obtained in individual years were also not statistically significant. Observational data of this nature are usually biased toward cows (Simkin, 1974) . During the same period 1020 yearling and adult animals were classified in October aerial surveys, and significantly more males than females were Death ? sex ? age 10 57.83** a Age classes^ 1; 2-6; 7-11; and 12-17 b Statistical significance based on co value with appropriate degrees of free * Significant at 0.05 level ** Significant at 0.01 level observed in four of the six counts. The mean sex ratio for the combined counts was 100 males:82 females (?2 = 11.86). These differences are probably the result of increased activity of the bulls during the rut, thus enhancing their visibility. The only estimate of the midwinter sex ratio derives from 1968, when 95 animals were classified by the vulval patch method (Mitchell, 1970 drownings are only important during the 1st month of life in Alaskan moose, noting that calves observed in the latter half of July were accomplished swimmers, able to negotiate large bodies of water in the face of 0.6-m waves and high winds. A broken leg was responsible for the neonatal death of at least one calf in the sample, while another died after having been separated from its dam by trail-construction disturbance.
Locked antlers resulted in the demise of two 7-and 8-year-old bulls. Although noted by Hosley (1949) as not infrequent, this instance represents the only known occurrence of this bizarre mode of death on Isle Royale.
Unknown Natural Mortality.?Undoubtedly, some of the 153 moose for which cause of death could not be determined were killed by wolves. Calves comprised 20.9% of this subsample. The age distribution among yearlings and adults in this category differed significantly (G = 31.00) from that of the wolf-killed moose (Table 2) . Young adults comprised 24.2% of the specimens, as compared with 5.1% of the wolf-kills. Middle-aged and old animals accounted for 37.9 and 12.4%, respectively, of the remains in which cause of death was unknown. A substantial percentage of the moose in question Drobably succumbed to nonpredatory causes. This is further indicated by the lower mean ages of adults?8.5 (sd = 3.4) and 7.7 (sd = 3.6) years, respectively, for males and females?than among wolf-killed animals.
These moose specimens showed a highly significant (?2 = 11.58, ? ^ 0.01) preponderance of males (200 males: 100 females) among yearlings and adults. However, the observed age distribution in these age classes did not differ significantly (G = 1.81; ? <! 0.05; df = 3) between the sexes.
Mortality and Population Regulation Time-specific mortality patterns.?Age distribution of 191 wolf-killed moose is presented in Table 3 . The mean ages of ad no evidence of a definitive shift in either direction during in question. The table does, however, suggest certain chang age-specific composition of the kill. A 4 ? 2 contingency table significant differences (G = 13.32; ? < 0.05; df = 3) in a bution between moose killed by wolves during the first half (1 of the current study and those killed in recent winters (196 classes 2-6 and 7-11 accounted for the greatest portion of variation. Young-adult and middle-aged moose compris 62.0%, respectively, of the adult animals in the 1959-64 s By comparison, these age classes constituted 15.0 and 33.0% in the 1965-1969 sample.
The incidence of calves in the respective winter kills during ranged from 9.1 to 52.6% but exhibited no sustained temp toward increase or decrease. Frequency of pr?dation upon be more a function of their annual occurrence in the herd and environmental parameters influencing vulnerability. Precise data on midwinter herd composition are fragmentary and correlate poorly with the annual percentages of calves in the winter kill. However, Peterson and Allen (1974) cited the importance of snow conditions in affecting calf vulnerability to pr?dation. In analysis of the data presented here and additional information from 1970-72, they demonstrated a significant increase in the percentage of calves in the kill, when snow depths exceed 75 cm. Table 4 gives the age distribution of 131 moose of both sexes dying of unknown caus?s during four arbitrarily defined time segments: 1950-54; 1955-59; 1960-64; and 1965-69 . Again adult animals in the respective categories suggest no Moreover, the observed differences in age distribut and adults between the four time periods were n nificant (G = 11.82; ? < 0.05; df = 9: Table 3 ).
In summary, the data are inconclusive. They may reflect a shift in the age-specific selectivity of wolf pr?dation in recent years. On the other hand, they may simply reflect changes in the age structure of the population, not necessarily caused by pr?dation. The latter alternative could have resulted from a series of years of "strong cohorts" (i.e., high productivity), that persisted for several seasons in the kill. Estimation of mortality rates.?The age distribution of the remains discussed above comprises essentially a dx series (Caughley, 1966) . Given the assumption of a stationary population throughout the collection period, a composite dynamic life table could be constructed from such a series (Eberhardt, 1969; Seber, 1973) . Indices of moose numbers, derived from the results of aerial censuses and fecal pellet group counts conducted annually from 1964 to 1970, suggest an overall increase in the moose population of approximately 75% or an average incremental increase of approximately 10% per annum. Actually, it appears that the population increased substantially during 1964-67 and then stabilized during 1968-70.
Considering the apparent fluctuations in population size as well as possible temporal shifts in mortality and/or changes in the age structure of the population, it appears that the assumption of population stability is not met. Moreover, the small sample sizes ( < 50) derived 1950-1955-1960-1965-54 Thus the composite dynamic life tables given below and su ship curves (Fig. 1) are introduced provisionally. They are from remains of animals encountered randomly during th 1959-69. The series incorporates moose dying of unknown a predatory causes as well as "probable" wolf-kills (Table   remains in the latter two categories were also collected at Mean mortality rates for the various sex and age segments culated from the relationship; q = ?dx / ?lx (Hickey, 1 X These, as well as sex-composite figures, which include remai determined sex, are given in Table 5 magnitude of this arbitrary adjustment was part simulating equilibrium for a biomass model. The mean annual mortality rates employed in the foll calculated from the data for the adult age classes and the results thus obtained (Table 5 ) are subseq to include the yearling segment as well.
Mortality rates derived from the age structure population will be overestimated. In the case in q ulation were indeed increasing by 10% per annu mortality rate for adults was 13% (Table 5) , the a would be a mere 5%. Obviously, the magnitud error would outweigh the conservative bias caus representation of yearling animals in the sample of the population estimates is subject to question dices derived from these (Purdue) investigations by Hansen et al. (1973: Table 9 ) and Krefting ( indicate an increasing moose population during p which the skeletal remains were collected. The on can be drawn from this information is that the t rate for adult animals is less than the 13% derived f analysis. Jordan et al. (1971) estimated mortality rates for Isle Royale calves based on natality rates for Ontario moose given by Simkin (1965) and the average shrinkage of the calf-class from parturition to yearling age. The proportion of calves surviving their 1st year was based on the 11-year mean percentage of calves in the population observed in late winter (February-March) composition counts for the years 1958-69. They estimated the average annual calf crop as 30.3% of the postparturition population and the total lst-year mortali that cohort at 73%. By their first birthday calves of the previous y average 12.5% of the population. On this basis, the estimated mo mortality rate is 10.3%.
A weighted total mean mortality rate was obtained by the summ tion of the products of the estimated mortality rates for calf and (including yearlings) segments and the respective fraction of the p ulation, which they comprise. From the preceding paragraph, it can seen that the median incidence of calves in the population is 21% that yearlings and adults cumulatively comprise 79%. Applyin previously derived mortality rates (i.e., 0.21 ? 0.73 + 0.79 ? 0.1 0.258) yields 25.8% as the total, mean-annual mortality rate for entire population. A more realistic estimate can be obtained by the mortality rate for adults and yearlings as corrected above fo assumed rate of population increase (i.e., 0.05). Employing the iterative process yields a figure of 19.3%.
Pr?dation and moose population regulation.?The question of impact of wolf pr?dation in the regulation of their prey popula has attracted increasing attention from ecologists in recent y Lacking refined estimates of moose reproductive parameters and sidering the problems involved in the estimation of mortality r accurate assessment of the role of wolf pr?dation in the regulati the Isle Royale moose population is difficult. Only a few specul conclusions can be drawn at this time.
At least 45% of the animals in the composite sample perished of predatory causes. This figure is biased by the method in which carcasses were located, but it is not unreasonable to assume that a substantial fraction of the randomly located remains were also killed by wolves. By any measure, wolf pr?dation represents a major source of mortality and a significant factor in the maintenance of long-term equilibrium in the island's moose population, if this is actually the case. Jordan et al. (1971) between mortality and recruitment. This comparison is subject to some degree of circularity, since the mortality rate incorporates a correction factor for the estimated rate of population increase. However, even using the unadjusted figure of 25.8%, there still exists an apparent 5% disparity between mortality and recruitment. Viewing the available evidence in toto, it appears that the wolves have not completely contained their prey within the past decade.
Since calves comprise the most abundant single age class in the herd, their losses bear particular significance to the question of population regulation. Murie (1944) , Pimlott (1967) and others have pointed out the importance of the degree of pr?dation directed against the young of a prey species. That Isle Royale wolves select for calves is evident from the fact that the 11-year (1959-69) mean incidence of this age class in the winter wolf-kill was 27.7 mean midwinter occurrence of calves in the herd as derived from composition counts was only proportionately higher number of calf kills t classes are probably overlooked from the air.
ably underestimate the selectivity of wolf pr?da
The apparent selectivity of wolf pr?dation f minor consequence in the regulation of mo (1959) and Simkin (1965) wolf-caused mortality in the primary reproducti increase the significance of pr?dation in limiting The increased intensity of pr?dation on calves cows with greater winter severity raises the que the population regulatory mechanism involved. If total impact of wolf pr?dation on the moose p winter and pr?dation were truly limiting on winter severity, this would imply that the effec density-independent. This implication contrad dent condition of various theories of popu Solomon, 1964) . To date these studies have affo to separate the effects of environmental variable in response to changes in the moose population
